J. Great Lakes Res. 14(2):164-170
Internat. Assoc. Great Lakes Res., 1988

ALGAL REMAINS IN SOME SURFACE SEDIMENTS OF LAKE ERIE
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ABSTRACT. Algal remains, primarily diatoms, were examined in the 0-1 cm fraction of sediment
cores collected at eight stations along a west-to-east transect in Lake Erie to determine species
composition, cell density, and flux rates. Sixty-two taxa were identified of which 13 were common to
all stations. Highest densities and flux rates occurred in the western and eastern basins. Species
composition, cell density, and flux rates in the sediments did not appear to correlate well with
previous reports of water-column phytoplankton distribution and abundance. The distribution of
diatom remains in the sediments more likely resulted from the effects of near-bottom west-to-east
energy zones and transport mechanisms operating within the western and central basins of Lake Erie.
The distribution of algal remains demonstrated that caution should be used in applying paleolimno-
logical data to trophic status changes in Lake Erie.

ADDITIONAL INDEX WORDS: Diatoms, sedimentation, bottom currents, paleolimnology,

Cyclotella.

INTRODUCTION

The distribution and abundance of algal remains,
particularly diatoms, in lake sediments are prod-
ucts of co-occurring biotic and abiotic events
which can provide clues to biological and physical
forces operating in the overlying waters if factors
affecting deposition and preservation are known.
Ideally, one would want to know the numbers of
cells that were produced in the water column, the
rate of cell flux to the sediment, the degree of pres-
ervation, and the origin of the cells (Merilainen
1971, Batterbee 1978a, Dixit and Evans 1986).
Most often, water column biomass, flux rates, and
preservation factors are not known but are
inferred from the algal remains themselves (Dixit
and Evans 1986).

As part of a 1976 physicochemical study, sedi-
ment cores had been taken at eight stations along a
transect from the western to eastern basins of
Laker Erie (Fig. 1). The top 1-cm fraction for one
core from each station was made available to us
for analysis of algal remains. Much information
has been published on the biological, physical, and
chemical properties of Lake Erie which allows
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some comparison of algal remains with factors
affecting deposition and preservation. There have
been several studies of the pelagic algae (Verduin
1964, Hohn 1969, Vollenweider ef al. 1974, Muna-
war and Munawar 1976, Munawar and Burns
1976) that give data on the biomass and species
composition of cells being produced in the water
column prior to the 1976 coring. Sediment compo-
sition and accumulation rates are reasonably well
understood for Lake Erie (Thomas et al. 1976 and
others), and mass-sedimentation rates for each of
the eight stations at the time of coring were avail-
able from Robbins et al. (1988). Mass sedimenta-
tion rates permit diatom flux calculations once
densities of algal remains are known.

Our primary objective was to examine the spe-
cies composition and density, and to calculate flux
rates of algal remains in the surficial sediments.
Secondarily, we attempted to relate the data to the
conditions and processes occurring in the overlying
waters. Because of the suspected high decomposi-
tion rates of some algal divisions (e.g., greens and
bluegreens), we limited our analyses primarily to
the diatom remains. Even interpretation of diatom
remains can be complicated by high silica dissolu-
tion rates in surficial sediments (Schleske et al.
1983, Conley 1987). Evidence suggests, however,
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TABLE 1. Mass-sedimentation rates (gm cm™ yr') (Robbins et al. 1988), total diatom cell
densities (no cm™ x 1), and total diatom cell flux rates (no cm? x 10° yr!) for eight stations in

Lake Erie.
Stations
6 10 13 24 30 33 47 58
Mass-Sed. Rate 120 70 17 50 30 10 140 40
Cell Density 9,230 6,344 7,791 9,902 5,868 3,478 17,100 10,226
Cell Flux Rate 768 280 92 307 50 20 1,168 243

that under conditions of high sedimentation rates
and focusing such as is thought to occur in several
areas of Lake Erie (Robbins er a/. 1988), decompo-
sition of diatom frustules may be insignificant in
altering stratigraphic records (Batterbee 1978b).

In this paper, therefore, we began with the
assumptions 1) that there was little physical or
chemical degradation of the surficial layer of
diatom remains and 2) that cores from the middle
of small shallow lakes often contain remains of
both the pelagic populations and some fractions of
the littoral and benthic communities, while cores
from the middle of large systems more often repre-
sent only the remains of the open-lake water-
column populations (Round 1964, Duthie and
Sreenivasa 1972, Bradbury and Winter 1976, Bru-
gam 1978, Fritz and Carlson 1982, Dixit and Evans
1986).

MATERIAL AND METHODS

Cores were collected (Table 1, Fig. 1) with a
6.66 cm ID Benthos™ corer. Sediments were hy-
draulically extruded from the cores, fractioned at
l1-cm intervals, and preserved in 4% CaCO, buf-
fered formalin. We examined only the top 1-cm
fraction from each core.

A 2-mL aliquot of the core fraction was diluted
with 40 mL distilled water, and a 0.4-mL subsam-
ple from the dilution was pipetted onto each of two
18-mm? glass coverslips. The coverslips were heat-
ed, and Hyrax™ mounts were made after the water
had evaporated. A minimum of 1,000 cells was
counted on each slide. Student T-test comparisons
between paired slides showed no significant differ-
ences; therefore, data presented here are from the
mean of the two slides for each station.

RESULTS AND DISCUSSION

Sixty-two algal taxa, predominantly diatoms, were
identified from the surficial sediments, of which 13

taxa were common to all eight Lake Erie stations.
Species lists are available from the Great Lakes
Research Division upon request. Total cell densi-
ties per cm® of surface sediment were highest at
Station 47 in the eastern basin and lowest at the
central basin Station 33 (Table 1). Cell densities
were not that different from each other at the
remaining stations. When mass-sedimentation
rates were used to calculate cell flux, i.e., the num-
ber of cells being incorporated into the surface sed-
iments per cm’ per year, a different pattern
emerged (Table 1, Fig. 2). Although there were
large numbers of cells in the surface sediments at
Stations 13, 30, and 33, relatively fewer new cells
were being incorporated each year compared with
the eastern or western basin stations.

Although not directly comparable to data from
this study, previous water-column phytoplankton
(diatom) biomass and species composition studies
for Lake Erie allowed us to speculate on the pat-
terns found for the surficial sediments in this
study. Most of the taxa found in our core fractions
had been recorded from the water column (Ver-
duin 1964, Munawar and Burns 1976, Munawar
and Munawar 1976); however, relative abundance
patterns differed. Munawar and Burns (1976)
found that the highest water-column mean annual
biomass (April-December) occurred in the western
basin (4-7.9 g m~*). Mean annual biomasses in the
central and eastern basins were similar to each
other but lower than in the western basin and
ranged from 2-3.9 g m~, Munawar and Munawar
(1976) listed the dominant diatoms of the western
basin as Fragilaria crotonensis, Stephanodiscus
tenuis, Melosira islandica, and Stephanodiscus
binderanus (= Melosira binderana). The domi-
nant taxa in the central basin were Fragilaria cro-
tonensis, Fragilaria capucina, and Stephanodiscus
niagarae. Dominant eastern basin diatoms were
Stephanodiscus tenuis, Stephanodiscus niagarae,
and Fragilaria crotonensis. Data from this study
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FIG. 1. Map of Lake Erie depicting the locations of sites cored.

differed particularly in the distributions of Asteri-
onella formosa, Stephanodiscus binderanus,
Actinocyclus normanii f. subsalsa, Fragilaria
capucina, Tabellaria fenestrata, Melosira granu-
lata, and Cyclotella comensis (Table 2, Fig. 3),
most of which showed high densities and fluxes in
both the eastern and western basins (Stations 6, 10,
and 47, 58) and very low densities and fluxes (with
the exception of Station 24) in the central basin
(Stations 13, 30, 33) (Table 2, Fig. 3).

Prior to 1950, Asterionella formosa was one of
the dominant species in the western basin (Verduin
1964), but had declined and was not abundant any-
where in the lake by 1970 (<5% of the eastern
basin biomass, Munawar and Munawar 1976).
Tabellaria fenestrata also was quite abundant in
the western basin before 1950 and had since
declined throughout the lake (Hohn 1969); there-
fore, it was possible that shifts in other species had
occurred between 1970 (Munawar and Munawar
1976) and 1976 and that the shifts might have been
reflected in the surface sediment core samples. The

presence of large numbers of Cyclotella comensis
in the eastern and western basin sediments sug-
gests, however, that the deposition patterns in off-
shore Lake Erie simply do not reflect the water-
column community. Cyclotella comensis had not
been reported from any Lake Erie pelagic samples
prior to 1976 (Munawar and Munawar 1976; M.
Munawar, Canada Centre for Inland Waters,
Burlington, Ontario, pers. comm.), and the
authors are unaware of any specimens being found
in more recent collections. Apparently cells origi-
nated from populations in the upper Great Lakes,
probably Lake Huron (Schelske ef al. 1972, 1974;
Stoermer 1978; Stoermer and Kreis 1980) and were
transported into Lake Erie through the St. Clair/
Detroit River system. Because no Cyclotella com-
ensis have been reported in the water column,
transport through the connecting channels to the
eastern basin must have occurred at or just above
the bottom.

If a west-to-east near-bottom transport mecha-
nism was controlling the deposition of imported
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FIG. 2, Total diatom cell fluxes (log no. cm™ yr') into
the surficial sediment at eight stations in Lake Erie.
Stations on x-axis are spaced proportionately to repre-
sent distance from the west end of the lake.

Cyclotella comensis, then it could be expected that
some proportion of diatom cells actually produced
in and settling out of the western and central basins
would continually be displaced down-lake as well.
Flux rates for total cells (Table 1, Fig. 2) and for
six of the dominant taxa in the core fractions
(Fig. 3) further illustrate the probability of west to
east transport. High flux rates in the western basin
would result, in part, from the water-column spe-
cies composition and high production there
(Munawar and Burns 1976, Munawar and Muna-
war 1976) and, in part, from import into the basin
through the connecting channels. Stations 13, 24,
30, and 33 are in the less productive central basin,
but the number of cells being deposited there, with
the exception of Station 24, was much lower than
might be expected considering the biomass esti-
mates from Munawar and Munawar (1976).
Station 47 is the deepest portion of the lake and
had the highest mass-sedimentation rate (Table 1).
This part of the eastern basin appeared to be the
focusing point for west-to-east transported materi-
als (Robbins er al. 1988). While the overlying
water-column algal biomass in the eastern basin
was approximately equal to algal biomass in the
central basin (Munawar and Burns 1976, Munawar
and Munawar 1976), it was found that diatom cell
flux rates for the eastern basin were greater than
rates for the central basin and were equal to or
greater than rates for the western basin. The spe-
cies composition of algal remains in the surface
sediments of the eastern basin, therefore, most

TABLE 2. Species flux percentages (flux of species i at station j/sum of fluxes of species i at all stations) for species

common to all sampling locations.

STATIONS
SPECIES 6 10 13 24 30 33 47 58
Asterionella formosa 10.7 4.0 1.7 4.1 0.7 2.0 58.9 17.9
Actinocyclus normanii 16.0 40.2 6.0 13.8 0.5 0.1 17.5 6.0
Cyclotella comensis 80.1 8.0 0.7 0.8 0.09 0.06 5.9 3.7
Diatoma tenue v. elongatum 41.1 30.4 0.4 5.2 0.6 0.1 9.7 12.6
Fragilaria capucina 26.9 8.8 4.7 14.2 1.2 0.6 40.7 2.8
Fragilaria crotenensis 16.9 7.6 3.2 14.3 2.7 0.5 48.2 6.5
Melosira granulata 40.0 25.6 3 4.8 0.2 0.1 24.4 2.8
Tabellaria fenestrata 29.5 11.1 3.2 8.2 2.5 0.5 40.8 4.2
Stephanodiscus alpinus 7.4 9.6 2.6 14.3 1.4 1.0 48.4 15.4
Stephanodiscus binderanus 12.0 8.0 0.6 5.3 0.3 0.2 52.2 21.3
Stephanodiscus niagarae 33 9.2 4.8 29.6 4.6 0.9 43.2 4.4
Stephanodiscus hantzchii 33.9 8.4 2.8 6.3 3.8 1.6 37.3 5.9
Stephanodiscus subtilis 34.8 7.3 3.6 5.8 1.7 1.2 36.5 9.1
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FIG. 3. Valve fluxes (log no. cm™ yr') for the six dominant diatom taxa into the
surficial sediments of eight stations in Lake Erie. Stations on x-axis are spaced
proportionately to represent distance from the west end of the lake.

likely represented a composite of taxa imported
from the connecting channels and the western and
central basins.

A combination of near-bottom water current
patterns and sediment resuspension events may
have accounted for much of the observed distribu-

tion of diatoms in the surface sediments. The east-
ern portion of the central basin, including Stations
13, 30, and 33, is an area of high bottom energy
currents as determined from sediment textural
analysis (Thomas et al. 1976). Mass-sedimentation
rates (Table 1) and diatom flux (Figs. 2, 3,
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Table 2) showed that relatively little new material
was being incorporated into the bottom sediments
at these stations. Station 24 appeared to be outside
the area of high bottom energy (Table 1), and
diatom flux possibly more likely reflected water-
column diatom populations for the central basin.
It is not known, however, if west-to-east near-
bottom Lake Erie currents alone from the connect-
ing channels through the central basin would be
sufficient to entrain diatoms cells.

Some west-to-east transport of both living and
dead cells is expected to occur in the water column,
but diatom settling rates may be quite rapid. Set-
tling rates are in part dependent on the algal spe-
cies, their particular form and morphology, their
physiological state, and if the cells are dead or alive
(Kilham et al. 1986). For example, settling rates for
Asterionella formosa vary from 0.2 to 1.5 m per
day (Titman and Kilham 1976, Burns and Rosa
1980). Kreis et al. (1983) found that dislodged ben-
thic diatoms entering Lake Huron from the St.
Marys River plume had settling rates from 0.76 to
5.99 m per day and were all but gone from the
water column after 32 km into the lake.

Kang et al. (1982) have demonstrated that
storm-generated waves are a primary energy source
for sediment entrainment in the shallow western
and central basins of Lake Erie. Post-depositional
resuspension of sediments and diatom remains
combined with differential settling rates and west-
to-east near-bottom currents probably have a great
impact on the surficial diatom assemblages present
at any one time. Similar physical processes have
been demonstrated to be the primary mechanism
for the redistribution of littoral assemblages
toward the middle of smaller lakes (Dixit and
Evans 1986).

The distribution and abundance of algal
remains, particularly diatoms, in the surficial sedi-
ments of Lake Erie appeared to be products of co-
occurring biotic and abiotic events in the overlying
water; however, remains may provide many more
clues to the physical forces in operation than to
biological forces. Lake Erie, with its short water
retention time (= 920 days, Hartman 1973), func-
tions more like a broad river or riverine impound-
ment (Burns 1985), continually transporting mate-
rials to the high sedimentation areas of the deeper
eastern basin. These data imply that one should be
cautious in using paleolimnological data to assess
changes in the trophic status of Lake Erie or lakes
with similar physical regimes.
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